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GENERAL CONSIDERATIONS 
Location and Area.-Cache County Water Conservation 
District No. 1 lies on the west side of the valley about eight 
miles from and a little northwest of Logan, Cache County, Utah. 
Figure 1 shows the location of the project with respect to Salt 
Lake, Ogden, Brigham City, Logan, and Cache County. Cache 
County, with a population in 1920 of 27,000 people, is located 
in the north-.central part of the state and occupies the greater 
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part of the fertile Cache Valley. Cache County Water Conser-
vation District No.1 includes 8490.78 acres (of which 7373.38 
acres are allotted water) and extends from Bear River and its 
tributaries westward to the foothills and from Cache Junction 
on the north to an east-west line lying one-quarter of a mile 
south ot the Logan-Petersboro road. Figure 2 shows the bound-
aries of the district. The land rises gently (except for a low 
bluff at the river's edge) from an elevation of 4400 feet (that 
of the normal water surface in Bear River at the north end of 
the project) to an elevation of 4580 feet at the western ex-
tremity of the project. 
Transportation.-The district is well provided with transpor-
tation facilities. It is served by the Oregon Short Line Railroad 
and the Utah-Idaho Central Railroad. The main line of the 
Oregon Short Line (which connects Utah, Idaho, and Oregon 
points) passes thru Cache J unction on the north end of the 
project. A branch line around the south end of Cache Valley 
connects Mendon, Wellaville, Hyrum, Millville, Providence, Logan, 
Smithfield, Richmond, and Lewiston with the main line at Cache 
J unction. In addition, a beet line crosses the district connecting 
Ballard Junction and Logan. The Utah-Idaho Central Railroad, 
an electric road furnishing excellent passenger and freight serv-
ice, passes near the southern boundary of the district. Ten 
passenger trains daily operate over the electric road and two 
trains daily over the steam line to Cache Junction. The daily 
freight service is almost equal to express service. 
Cache County is well equipped with first-class highways. 
The main graveled highway from Logan to Cache Junction 
traverses the district from south to north. Another graveled 
highway from Logan to Benson crosses the district at right 
angles to the former road. The highways to Box Elder County 
on the west and Mendon and Wellsville on the south are first-
class graveled roads. Figure 2 shows the location of railroads 
and highways in the district. So excellent are the transporta-
tion facilities on this project that an average haul of one and 
one-half miles to a railroad loading-station is all that is required 
to put the farmers in touch with local or outside markets. 
Community Development.-Cache Valley received its name 
from the early trappers who located their fur caches in it. The 
early history of the valley is typical of that of other valleys of 
the west. The valley was explored soon after the advent of 
the Mormons into Salt Lake City in 1847. The first white 
settlers in the valley were the trappers who gave the valley its 




CACHE COU NTY WATER CONSERVATION DISTRICT No. 1 
Fig. 1.-Map showing location of Cache County Water 
Conservation District No. 1 
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Young entered the valley for the purpose of colonization. The 
settlements in the valley are peculiar to Utah development in 
that the farming land is located outside and around the town. 
This type of development was followed primarily for protection 
against the Indians. Therefore, compact communities are found 
dotted thruout the valley with the bulk of the farming land 
surrounding the towns. There are in Cache County one city of 
the first-class, four cities of the second-class, seven cities of the 
third-class, and sixteen agricultural communities*. 
The rural population of Cache County in 1920 was' 17,553 
and the urban population 9439, giving a total population in Cache 
County of 26,992. The rural population live in communities 
containing from 110 to 1948 people. These communities are in 
every case strictly farming or agricultural districts. Cache 
J unction, on the main line of the Oregon Short Line Railroad, 
lies in the north end of the project and has a population of about 
300 people. Benson is situated across the river to the east of 
the project with a population of 316. Mendon, about three miles 
south of the district, has a population of 434, and Petersboro 
(located near the middle of the district and including most of 
the project) has a population of 320. These are all relatively 
young and thriving communities. Within a radius of about ten 
miles are located Logan, the county seat of Cache County and a ' 
city of the first-class; Richmond, the home of the Sego Milk; 
Smithfield, the home of the large pea and bean cannery; and 
Wellsville and Hyrum-all cities of the second-class. 
Schools.-The Petersboro School (Fig. 3), which is housed in 
a fine brick building, is located in the south-central part of the 
district. The Cache Junction School on the north side of the 
district and the Benson School on the east side furnish ample 
facilities for public school education. Cache County supports 
three modern high schools-the Logan High School at Logan, 
the South Cache High School at Hyrum, and the North Cache 
High School at Richmond. 
Within ten miles of the district is located the Utah Agricul-
tural College which is the State College of Agriculture. This 
school is ideally located on the east side of the valley and ranks 
second to none in agriculture. In addition, Brigham Young 
College and Logan Academy, sectarian schools, are located in 
Logan. It will be noted in Figure 2 that the maximum distance 
to a public school is less than three miles, and ample provision 
for high-school and college education is provided within a radius 
of ten miles. 
*U. S. Census Bureau, 1920 
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Industries.-Cache County is first and foremost an agricul-
tural center. However, manufacturing and grazing occupy an 
important place in the industries of the county. Cache County 
boasts a total of fifty-three manufactures, employing an aver-
age of 910 wage earners. The average annual payroll amounts 
to $738,285; taxes and rent, $187,928; cost of raw material, 
$6,720,892; and value of products, $9,797,534. Of the fifty-three 
manufactures in Cache County there are six flour mills, five 
sugar factories, and four condensed milk factories. During 
May 1924 the milk factories were handling raw milk at the rate 
of 240,000 pounds daily. A pea-canning factory located at 
Smithfield is supplied with peas grown in the valley and shelled 
at the forty-eight vineries scattered through the section. The 
run during the 1923-season was over 200,000 cases, and since 
that time the factory has been considerably enlarged. The four 
sugar-beet factories in Cache County during 1924 paid to the 
farmers for beets $1,675,000 and paid out for help in handling 
the beets and manufacturing them into sugar $465,125. Dur-
ing the same year these factories refined 600,971 bags of sugar 
and produced 290,030 tons of beet pulp used in the county for 
fattening cattle and sheep. Alfalfa, grain, sugar-beet pulp, 
syrup, pea hay, and a mild winter climate furnish ample facili-
ties for feeding thousands of cattle and sheep. A ready 
market, therefore, is available for practically all . the farm 
products of the valley. 
Electric power is available in abundant quantities. There are 
four power plants in Cache County with a combined capacity of 
9060 horsepower. The transmission line from the Bear River 
system of plants passes just north of the project. In addition, 
the new Cutler plant, which the Utah Power & Light Company 
is building at an approximate cost of $5,000,000 in Bear River 
Canyon, is only about three miles distant. This plant alone will 
have a capacity of about 35,000 horsepower. Power from the'5E' 
plants is dependable. With Bear Lake storage the plants on 
Bear River could run continuously for two years if the natural 
flow from the Upper Bear River should fall to the lowest mark. 
CLIMATE 
The average annual rainfall at Logan (eight and a half miles 
from the proect) over a 31-year period is 16.46 inches. This pre-
cipitation is divided as follows: March to June, inclusive, 6.67 
inches; July to September, inclusive, 2.63 inches; and October to 
February, inclusive, 7.16 inches. Destructive storms either in 
winter or summer are very uncommon. The monthly distribu-
tion of the annual precipitation is clearly shown in Figure 4. 
CACHE COUNTY WATER CONSERVATION DISTRICT No.1 9 
Fig. 3.-Petersboro School 
The amount of rainfall and its distribution are favorable for 
the production of dry-farm crops such as grain, alfalfa seed 
Un selected spots), and a few other crops of less importance. 
To extend the range of crops or to get a maximum yield irrigation 
must be resorted to, altho it is seldom necessary to irrigate in 
th e spring to cause the seed to g.e:rmina te or to bring the 
seeded crops up. 
Fig. 4.-Chart showing mean monthly precipitation, Logan, Utah 
The climate of Cache County is invigorating and character-
i~tic of the mountain lYegion of W,estern United States. The 
mean temperatures for the spring and fall months are 45.7° F. 
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and 49.9° F., respectively. Comparatively high temperatures 
prevail in the afternoon during the summer months, but due to 
the elevation and low humidity the days are not oppressive and 
the nights are always cool. The average date of the last killing 
frost over a 26-year period in the spring is May 15th and the 
first killing frost in the fall over the same period is October 8th. 
The absolute latest frost in the spring and earliest frost in the 
fall during this 26-ye~r period is June 17th and September 13, 
respectively. The av·e:rage growing season is about 140 days and 
is sufficiently long to mature the staple crops (such as alfalfa, 
grain, sugar-beets, peas, truck, and S:1nall fruits) grown in the 
mountain states. 
TOPOGRAPHY 
In general, the surface slopes of the land within Cache 
County Water Conservation District No.1 are uniform and slope 
gently downward to the east and north. On the north end of the 
project the elevation of the water surface in Bear River is about 
4400 feet. From this point the ground surface (f ises abruptly 
about sixty feet and then flattens out into a relatively flat 
~ ,rea with a. few distinct knolls and hollows. Far ther south the 
surface assumes a more gradual slope from the river to the 
main canal. Above the 111ain canal the slope becomes greater, 
but in no case is it steep enough to interfere with irrigation. 
The drainage from the west mountains is short and, there-
fore, has ha,d little effect in modifying the topography. There 
is only one stream of any consequence which flows from the 
"vest mountains, and this is Three-Mile Creek near the south end 
of the district. Outside ot the little stretch of irregular topog-
r aphy in the south end of the district the entire area west of 
the railroad is uniform in slope and in good shape for the 
~pplication of ir r igation water . 
East of the ra,ilroad the sUlI'face dr ainage has had a mor e 
marked ef fect. The topography is characterized by narrow, 
natural drainage channels two to six :Beet deep, wide swales, wet 
marshy draws, and irregular depr essions. 
The aJrea south of Petersboro (both east a,nd west of the 
track and north of Pet ersboro on the west side of the track) is 
111 0re regular (See Fig. 5). The area is not cut up to any great 
extent by surface drainage, th e soil is deeper, and the land is in 
2"ood shape for irrigation without further leveling. The slope 
js unifoTI11 t o t he east so t hat wild-flooding or f urrow methods 
of irrigation may be convenient ly practiced. Of th e entire 
irrigable area approximately . 4200 acres come in this class and 
constitute by far t he better lands of t he proj ect. 
C ACHE COUNTY W ATER C ONSERVATION D ISTRICT N o. 1 
1--- ·--
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F ig. 5.--Map of Cache County Water Conservation 
showing urface contour s and a pa per 10 a tion of a 
distribution system. (Sc Ie, 1 in.= 1000 ft.) 
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The area north of Petersboro and east of the railroad, with 
the exception of a few isolated pi€'Ces, is characteristic of Cali-
fornia "hog-wallow" land, being covered with knolls and hollows 
and underlain at a depth of six to ten inches with a compact 
heavy clay. Approxi-
mately 2500 acres of 
this area will require 
leveling which can be 
done with a box-level 
and a plow. Approxi-
mately 800 additional 
acres, including most 
of Section 5 and a 
portion of Section 8, 
are entirely too rough 
to level successfully 
because of irregular 
topography and the 
shallow depth of the 
surface s 0 i I which 
supports plant growth. 
Figure 6 shows a 
typical area of the 
rough land. The area 
of the individual knolls 
and depressions i s 
small, varying from 
three to four to as 
rfluch as 500 square 
yards with the differ-
Fig. 6.- Typical topography of land (Sec. 5) , €nce in elevation be-
Cache County Water Conservation District tween the top of the 
No. 1 (Scale, 1 in.= 40 ft.) knolls and the bottom 
of the depressions ranging from six inches to three feet. Figure 
6 indicates that at least 18 inches of soil would have to be re-
moved from the knolls to fill the depressions. This would re-
quire the use of scrapers and would remove all of the surface 
soil from the knolls. 
DESCRIPTION OF SOILS 
The productive capacity of soils varies from place to place . 
This fact is recognized by all who have studied soils. Serious 
attempts have been made, and ar'e now being Inade, by soils 
students to find the reasons for these differences. T'he causes 
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Df the variations are many and have been shown to be deep-
seated and complex in the extreme. They involve studies that 
r ave to do with chemistry, physics, bacteriology, geology, and 
plant nutrition. It is recogniz·ed that the differences in the 
productive power of a soil are due, in part at least, to variation 
in the chemical and physical properties of the soil. A soil 
survey is an attempt to measure variations in these properties. 
It is an undertaking, the purpose of which is to g1roup together 
soils that are all alike (or nearly alike) in these two properties 
and separate those that are different. It is, in fact, a class-
ification of soils. 
The soils of the Cache County Water Conservation District 
No.1 lunre an been transported. They have accumulated slowly 
as the valley has developed. Cache Valley is a structural valley 
with mountains entirely surrounding it. The great structural 
depression has been fined in with sediments which began before 
the time of Lake Bonneville. The district was completely 
covered by the lake and the soil is partially made up from the 
fine sediments accumulated from the lake. These have been 
altered by river action, especially of Bear and Little Bear Rivers. 
Previous to ' the time of Lake Bonneville a,nd during its earliest 
history the river flowed from Cache Valley to the west over the 
pass due west from the project where Beaver Dam Creek now 
flows. In the waters earlier than Lake Bonneville there were 
accumulated great masses of lime in the form of marl and oolite. 
During the same period there were deposited great quantities of 
volca·nic ash interbedded with lake and river debris. In later 
periods the erosion has redistributed the ash and marl and it 
has become greatly intermingled with the land and river 
deposits. This has played an important part in forming the 
soils. The very fine clays, the granular ash, and the partially 
dissolved or leached marl have either been sorted or mixed with 
the river sediments to form the classes of the soils found in the 
district. 
The fundamental physical property of soils used in class-
ification is that of size of particles, or soil texture. Variations 
in texture are studied and the soils are grouped into clays, 
loams, and sands. These are known as soil classes. However, 
there are many different kinds of clays, sands, and loams, and 
to distinguish between them several other factors must be taken 
into account. These factors are as follows: 
1. The kind of rock from which the soil material was derived. 
2. The manner in which the soil material has origimted. 
That is, is the soil residual or transported? What has 
been the agent of transportation? 
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3. The soil profile, or the chaJracter of the soil and subsoil, 
the depth of the surface soil and the extent of variation 
in physical and chemical properties from surface soil 
to subsoil. 
4. The location of the soil including the topography. 
5. The color of the soil and the subsoil. 
These factor s taken together constitute a series, and the series. 
plus the class constitute a soil type. 
The soi'ls of the area have been divided into two series: 
(1) Mendon and (2) Ballard. There have been recognized two 
types and two subtypes in the M,endoIlJ series and one type with 
one subtype in the Ballard series. It will be seen by reference 
to the soil map. (See Fig. 7) that nearly all of the Mendon soils 
lie above t he 4425-foot* contour and that the soil boundary 
between the series, in a gellJeral way at least, follows the con-
tours. This is rather significant in view of the fact that the 
soil boundaries were drawn without knowledge of the contours. 
The Mendon soils are found on sloping topography. In this 
area the slope is mainly to the east. 
The Mendon soils are dark-colored on the surface, while 
those of the Ballard are light. This color classification is a 
qualitative I::cheme of indicating the content of organic matter. 
Thus . . in three representative samples of Mendon soil5, the con-
tent of organic matter calculated from the organic-carbon 
dioxide in percentage was 3.76 with a range of 3.56 to 4.02, while 
six representative samples of Ballard soils gave an average of 
2.01 (the minimum being 1.58 and the maximum 2.38). The 
Mendon soils are generally well supplied with organic matter, 
and the percentages indicated above are sufficient, provided 
other factors are favorable, to keep the soils in a good state of 
productivity. Soils from the Central Experiment Station at 
Greenville contain from 3.67 to 4.16 per. cent organic matter. 
These soils are considered especially good and produce good 
crops. 
The soils of the Ballard series are light-brown to light-gray 
on the surface. At a depth of usually eight inches (but varying 
from six to ten inches) there occurs a heavy tigh t subsoil of a, 
light-reddish-hrown color. This extends to about fifteen to 
eighteen inches in depth when a calcium-car bona.te horizon is 
: ound. T'his horizon is very compact. At the top the calcium-
earbonate horizon appears in the form of light specks, but at 
greater depths. the sp€cks enlarge into s·mall white masses 01 
calcium car bonate. Growth of these masses takes place largely 
*Data used in the soil survey do not corr espond exactl y w ith t h e data 
u sed in the reservoir su rvey. 
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in a vertical plane. This would appealr to be the r esult of a 
lTIOVement of the calcium carbonate with the water. At greater 
depths in this horizon the small masses of calcium carbonate 
incre:1se in number until at about thirty-four to thirty-eight 
inches the total soil mass becomes light gray in color. This 
{~xtends to about forty-six or forty-eight inches in depth, when 
t he color of the subsoil again becom,es brown with only specks 
of calcium car bonate occurring in it to about fifty or sixty 
inches. Below this the subsoil becomes a brownish-gray in 
color and less compact than it is f rom about eight inches to about 
fifty or sixty inches. It should be noticed in this connection 
that the surface soils of the Ballard series are generally low in 
calcium carbonate, as may be seen by the profile below. 
A typical profile of Ballard clay with the field notes that 
were taken while the samples were being collected, together 
with the carbonate-carbon-dioxide of each horizon, is given 
below: 
Ballard Clay I.-Location: southeast corner 10, No.1, 40 




0-70-Light grayish-brown clay, granu- % 
lation fair _._ ............................ _...... 0.09 
10-22-Compact layer of heavy clay with 
white streaks, columnar struc-
ture _ ... _ ....... _ ..... _ .............................. _ 2.38 
22-36-Compact light-brown clay with 
white streaks of calcium car~ 
bonate _. ............................................ 11.75 
36-4:8-Light-gray clay (white marks 
have become continuous) ............ 14.50 
48-60-Light grayish-brown compact clay 
(few white markings) ................ 11.47 









Within the area of the Ballard series variations from this 
typical profile occur, the most marked of which are shown on the 
soil map as Ballard Clay II. The manner in which this subtype 
-For the sake of brevity in note-taking each 40-acre tract within the section 
has been numbered. The "40" in the upper right-hand corner of the 
section is No. 1. The numbers proceed from right to left for the upper 
tier of "40's", then from left to right for the second, and so on. The 
plan is similar to the numbering of the sections in a township. For 
more detailed work each "40" is divided into four 10-acre t racts, and 
these tracts are numbered in the same manner as those of t he " 40 's" 
in the section. 
**Part of the carbonate·carbon-dioxide is present as magnesium carbona te, 
but it -has been a rbitrarily calculated as calcium carbonate. 
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differs in profile from the typical Ballard clay (Clay I) may be 
seen by the following: 
Ballard Clay II.-Location: northwest corner 10 No.2, 40 No. 
1, Section 17, Range 1 West, Township 12 North: 
o-10-Light brown clay 
10-20-Light grayish-brown compact clay 
20-32-Light compact clay with white streaks (calcium-carbonate markings) 
32-40-Light gray compact clay 
40-41-Very fine sand 
41-48-Pink clay. heavy and compact 
48-53-Very fine bluish-green sand 
53-56-Coarse yellow and green sand 
56-72-Structureless heavy compact clay 
In the most typical sections the coarse sand is lacking, the 
fine sand resting directly upon compact clay. In many cases it 
appears that the sand is in thin strata alternating with thin 
layers of clay. 
Visible concentrations of calcium carbonat.e do not extend 
below the sand layer in Ballard Clay II. In the most typical 
cases the sand layer occurs between thirty-six and forty-eight 
inches, but seldom occurs above thirty-six inches. It is entirely 
possible that the sand layer extends beneath the Ballard Clay I 
at a greater depth than six feet. 
Chart A, Figure 8, gives the mechanical analysis of a typical 
profile of Ballard clay taken from the east center of 10 No.4, 
40 No.4, Section 5, Range 2 West, Township 12 North. This is 
the location from which large samples of soil were collected for 
leaching experiments (see pages 23, 25). The sand was found 
at a depth of seventy-two inches. The mechanical-analysis data 
are given in graphs. The ordinates represent the percentage of 
material of smaller diameter than the value of the corresponding 
abscissa. The abscissae represent diameters in microns * . It 
will be seen from this chart that the soils are fine in texture. It 
is believed that the surface soil in this location is somewhat 
coarser than is generally the case for the Ballard soils. The 
profile below eleven inches, however, is quite typical. The curves 
show a marked concentration of fine particles in Sample 1171, 
the horizon from eleven to twenty-two inches in depth. Sample 
1172 is coarser than 1171 but considerably finer than 1170 
(zero to 11 inches). Below thirty-six inches the profile becomes 
coarser in texture, and this is accompanied by a less. compact 
structure. The horizon in the Ballard soils between approxi-
*1000 microna-1 millimeter; 25.4 millimeters=l inch 
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Fig. 8.-Ch art showing Ballard an d Mendon soil t ypes. 
mately ten and forty inches is very compact and is penetrated 
with difficulty by water and roots. The compaction is due, in 
part at least, to the leaching downward of fine material from 
the surface soil. This movement of the fine particles thru the 
soil has been observed and some measurement made of it in the 
leaching experiments of the soil. 
The percolate carrying the mineral from the soil is practically 
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clear in the early period of the leaching. However, when the 
alkali is reduced it gradually becomes cloudy. This cloudy ap-
pearance may be correlated with the change in reaction of the 
percolate noted later. The percolate from one of the tanks con-
tained 1.6 gram of solid material per liter, all of which was 
below one micron in diameter, as determined by the Utah method 
of mechanical analysis l • These data will appear later in a more 
detailed publication. 
The soils of the Mendon Series vary in color from a reddish 
brown to a dark gray. There is no definite demarcation between 
. soil and subsoil to about twenty-four inches in depth. From 
twenty-four to about sixty inches the soils generally have a 
more compact horizon. However, the compaction is much less 
definite in the Mendon than in the Ballard soils. From about 
thirty to thirty-six inches these soils have reddish-brown to _ 
light -gray subsoils. The prevailing color of the soil within this 
horizon in the typical case is brown with gray specks of calcium 
carbonate occurring at the top. These specks increase in size 
and number to about sixty inches. Below this the soil structure 
is generally more open, and the gray coloring (due to calcium 
carbonate) is less pronounced. The Mendon soils also occur at 
higher elevations and in areas of more pronounced slope. Lack 
of demarcation between soil and subsoil and occurrence on more 
pronounced slopes and higher elevation account largely for the 
open structure of the Mendon soils. 
Two Mendon silty clays are shown on the map as Mendon 
Silty Clay I and Mendon Silty Clay II. They are similar to the 
Mendon clays except that they are coarser in texture. Sample 
1103 gives the mechanical analysis of the surface soil of this 
type and subtype. In this case the subtype has a much greater 
extent within the area than the type. Both the type and sub-
type are somewhat lighter in color than is the Mendon cla.y and 
its subtype of surface soil. 
Below is given a typical profile of Mendon Clay I together 
with the carbona.te-carbon-dioxide. The calcium-carbonate 
equivalent of the carbon dioxide is also given. This has been 
calculated from the determined carbon dioxide. 
l "A New Method of Mecha n ical Analysis of S ils". By D. S. Jenni ngs, M. D. 
Thomas, and Will rd Gar dner. I n Soil Science, Vol. 14, No.6 (Decem-
ber 1922). 
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Mendon Clay I.-Location: northwest corner 10 No.1, 40 




0-12-Dark gray clay__ _______ ______ __________ _____ ____ 2.27 
12-24-Dark grayish brown clay ____ __________ _ _ 
2~-32-Light brown clay compacL___ ___ ___ _ 2.27 
32-52-Light brown clay compact mot-
tled with calcium carbonate in-
creasing at bottom __ _____ ____________ ~ ____ 17.58 
52-64-Light gray clay; calcium carbon-
ate dominating the color___ ____ ____ _ 19.19 









Mendon Clay II is similar to Mendon Clay I except that it 
contains a layer of sand in its 6-foot column. The thickness of 
this layer varies f:rom less than one inch to several inches and 0 
usually occurs below three feet in depth. 
Mechanical analysis of a profile of Mendon Clay I is given 
in Chart B, Figure 8. It will be seen that there is little differ-
ence in the three horizons. Sample 1065, the top soil, is some-
what finer in texture than Sample 1067 which represents the 
profile from eighteen to forty inches, while the sample from ten 
to eighteen inches in depth is an exact duplicate of that from 
two to ten inches (Sample 1065). The Mendon soils within the 
area, as may be seen from the chart, are generally free or have 
low concentrations of soluble salts (alkali). The Mendon clay 
loam resembles the Mendon silty clay except that it is somewhat 
lighter in color and coarser in texture. 
The fact that the Mendon soils are all fin~-textured but with 
open structure to three feet or more in depth accounts partly for 
their recognized use in dry-farming. They are very retentive of-
water. Under irrigation the clay loams may be expected to yield 
well to these crops a~d to respond to a fair extent to trucking 
crops. 
The Ballard soils, because of their heavy nature, are consid-
erably restricted as to cropping systems. I t is certain that a 
crop like sweet clover would grow on these soils and in addition 
would benefit the soils by growing on them. Such a crop should 
be grown that would extend the surface soil to a greater depth 
by penetrating the inert compact sub-surface. The series is 
often hummocky in topography, and leveling would be essential 
to successful irrigation. This would expose the inert sub-surface 
in many places. Under such conditions sweet clover is especially 
to be recommended. 
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Complete chemical analyses of typical profiles of the im-
portant soil types are not yet completed, but the total content 
of nitrogen, phosphorus, and calcium of a few surface samples 
typical of the two main soil types is given below: 
T ABLE 1.- T OTAL NITROGEN, P HOSPHORUS. A TD CALCI M IN T YPICAL 
SURFACE SOILS 
I Per Cent 
Soil I 1 ! 
No. I Soil Type Nitrogen I Phosphoric Acid (P 0 ) !Ca lcium Oxide (CaO) 
-~--7- ______ 2 5 I 
1079 1Mendon Clay I .14 I - - I 1.45 
1095 1 Ba llard Cla y I .31 1 1.3 
1097 1 Ballard Clay I .14 I I 
1104 1Ballard Clay II .11 1 .22 .99 
1106 1 Ballard Clay I .13 .24 1.17 
============~====~=== 
The soils (as are arid soils generally) are low in nitrogen and 
organic matter. From the data of this table and the fact that 
potassium in significant quantities was found in the drainage 
water from the soils, it is very unlikely that the soils will be 
found deficient in any plant-food element other than nitrogen 
and organic matter. . 
ALKALI CONTENT 
The fact that the land in this project is nearly all of a heavy 
clay of great depth makes it important to consider carefully the 
possibility of the presence of excessive concentration of soluble 
salts in the soil. The survey shows that an alkali condition 
exists in places thruout the area, which is more prevalent in the 
hummocky land of the north half of the project. The highest 
concentrations are found in the swales and the enclosed depres-
sions of the rolling typography. There are scarcely any swales 
which do not contain excessive quantities of soluble salt even 
when the surrounding land is comparatively free from alkali. 
A large number of samples were taken in the fall of 1923, 
some of which were analyzed for the individual soluble salts 
while others were determined for total salts by the electric-
bridge method. Since this time additional samples have been 
taken. 
Some representative detailed analyses are given in Table 2. 
For the sake of simplicity the results have been arbitrarily 
calculated as sodium salts, tho calcium and magnesium were 
both present to the extent of about 0.01 per cent on the average, 
together with smaller amounts of potassium. The table shows 
that there is great variability, both qualitatively and quantita-
tively, in the salt content of samples taken very close together 
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and that this variability is greater in the surface than in the 
lower depths. The analytical data also show that in the northern 
section of the project the salt mixture is composed for the most 
part of sodium chloride and sodium sulfate, with the latter gen-
erally predominating. Farther south the salt mixture contains 
more chloride than sulfate. This variability in cOII!Position and 
distribution is due to the fact that the salts move with the soil 
moisture and that the chlorides move more freely than the 
sulfates. 
It is, therefore, evident that a few analyses cannot be 
definitely expected to characterize the alkali conditions in even 
a restricted area. To accomplish this it would be necessary to 
make many more analyses than have been attempted, and then 
only a temporary condition would be described. The analyses, 
indicated in Figure 9, must accordingly be regarded as sug-
gestive only. Nevertheless, the presence of considerable amounts 
of salt in any locality is sufficient reason for undertaking the 
cultivation of that locality with caution and foresight because 
of the heavy and difficult permeable character of the soil. This 
is true even when the surface soil is fairly free from salt. 
It is possible to judge the salt content of the surface layers 
of the soil with fair accuracy by observing the vegetation. The 
presence of nonhalophytic plants indicates the presence in gen-
eral of less than 0.5 per cent of salt, and usually less than 0.2 
per cent. Of the halophytes the small annual atriplex (Atriplex 
carnosa) is probably the most valuable indicator in the district. 
This plant prefers a salt concentration in the soil of 0.5 to 1 per 
cent and does not seem to thrive in any other environment. This 
range is the critical one in crop production, for while useful 
plants may' not be entirely . killed by it the profits of farming 
operations are fairly certain to be reduced to the vanishing 
point. Still higher concentration is shown by the samphire 
(Salicofl"nia rubra) and inkweed (Su.aeda sp.). The greasewood 
(Sarcobatus vermiculatus) , while it usually indicates appreciable 
amounts of alkali, does not select any particular amount but 
seems to grow well in a very wide range of concentrations of 
salt. This is probably due to its perennial nature. The . plant 
indicators give little or no information about the alkali in the 
lower depths of soil, a consideration which was of minor im-
portance while the land was being dry-farmed but which must 
be fully taken into account under irrigation conditions. 
The possibility of removing the excess salt by the installa-
tion of a drainage system is being carefully studied. This work 
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NaC1 I Na SO I Na CO I NaHCO I Total Total by Evaporation Na SO /NaC1 










.302 ---- .- I .034 _741 .693 .75 
.216 _____ _ .056 .412 .431 1.54 
.323 __ __ __ .039 .688 .664 .99 
.688 ------ • I .072 1.368 1.356 1.13 
.691 ______ I .051 1.355 1.349 1.13 
.725 ______ I .075 1.o!52 1.457 1.11 
1.060 .043 1.613 1.586 2.08 
.609 .011 .065 1.168 1.154 1.26 
.588 .005 .068 1.006 1.057 I 1.32 
----1--.=36:;-:6~.;------,.4:-:::8=7 ----':-- .013 .080 .946 --~929 - - 1--1.31 
3-4 .380 .514 .028 .050 .972 .988 1.35 
.360 .459 .021 .068 .908 .925 I 1.28 
o!-5 
.374 I .470 .038 .056 .938 .921 I 1.26 
.389 .482 .028 .067 .966 .964 1.24 
.377 . .460 .023 .070 .930 .935 1.22 
5-6 .451 .552 .023 .053 1.079 1.069 1.22 
























































.130 .897 .890 1.44 
.056 2.801 2.735 3.88 
.007 .140 .644 .652 1.26 
.056 2.806 2.030 2.08 
.010 .090 .502 .521 1.57 
.908 .806 .785 1.56 




















.519 .510 1.59 
.455 .453 .85 















·Samples a, band c above were taken within six feet of each other 
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outstanding results thus far obtained may be briefly summar-
ized at this time. 
Soil samples were taken near the east center of 10 No.4, 40 
No.4, Section 5, in a place which was considered to be repre-
sentative of a large area in that district. The salt content of 
the soil is given in Table 2 (Samples 2, 3, 4) and the mechanical 
analysis is shown graphically in Figure 8. The soil samples 
were taken in heavy galvanized iron cylinders one foot in di-
ameter and one, two,or six feet long. Each container was 
forced into the soil without disturbing the soil column, the pro-
cess being aided by digging around the vessel and cutting away 
the soil column for a distance of about an inch below the bottom 
of the metal until it was only slightly larger than the cylinder. 
In this way columns of soil one, two, and six feet in length 
were obtained with the natural field structure unimpaired. A 
cap with an outlet was placed over the bottom of the vessel 
which was then brought to the laboratory for the leaching ex-
periments. It has been found that the rate of leaching with 
distilled water (which at first represents a depth of about two 
inches daily) falls rapidly as the salt is removed, accompanied 
by a change in the reaction of percolate from a neutral solution 
to a decidedly alkaline solution, until the rate of leaching is less 
than one inch in four months. At this stage freezing the soil 
causes an increase in the rate of percolation, but this falls off 
again on continued leaching. This impermeable condition would 
greatly retard any direct attempt at drainage. To prevent this 
puddled condition in the soil, some samples have been leached 
with a saturated solution of gypsum, and it has been found that 
while the rate of leaching fell off decidedly at first (one inch 
in 20 to 40 days), the rate increased after the removal of the 
sodium salts until it was about one inch daily. It should be 
noted that Bear River contains appreciable amounts of the salts 
of sodium calcium and magnesium which might be expected to 
prevent the extreme impermeability noted with distilled water*. 
It seems likely that other salts would give better results than 
gypsum, and the subject is being investigated further. In any 
case, success in leaching and draining this land will be dependent 
on the use of some chemical treatment to counteract the pud-
dling effect of the alkalinity developed when the sodium salt is 
removed. Finally, it may be said that the presence of the sand 
layer in the profile of a considerable portion of the project is a 
hopeful feature which may contribute materially to the success 
of any drainage operation. 
*Utah E xp. sta . Bul. No. 163. "Composition of the Irrigation Waters of 
Ut ah ." By J. E . Greaves and C. T. Hirst (1918) . 
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HISTORY 
The greater portion of the land which comprises this district 
was settled in the early eighties. But as the average annual 
precipitation over the area is only about 15 inches and no water 
was available for irrigation, only hay and grain crops were 
grown under dry-farming conditions on the better soils. Little 
attempt was made to farm the heavier clay soils found in the 
eastern and northern part of the district. These heavier clay 
soils were used for pasture. 
About 1917 the Ballard brothers, who owned considerable 
land on the north end of the project, constructed a pumping 
plant on Bear River and supplied water to what is now called the 
Ballard Ditch. This ditch has a capacity of 12 second-feet, and 
the water is used to irrigate the area west of the Logan branch 
of the Oregon Short Line Railroad and north of Rocky Point. 
Some very good crops of grain and alfalfa have been raised on 
this area. Sugar-beets have been added to the cropping system 
since the application of irrigation water. 
Cache Junction (a division point on the Oregon Short Line 
Railroad to Idaho and the junction of the branch line to Logan) 
is the largest town in the project. Most of the people live on the 
farms scattered over the district. 
Up to 1919 the settlement of the project was very slow due 
to the lack of water and to the fact that to make a success of 
dry-farming it was necessary to have large holdings. 
Cache County Water Conservation District No; 1 is strictly 
an agricultural area, there being no other industries developed 
in this section at the present time. The crops grown consist 
chiefly of grain, alfalfa, sugar-beets, potatoes, and a few truck 
crops. The crop map, shown as Figure 10, indicates approxi-
mately 1050 acres of alfalfa, 2080 acres of grain, 62 acres of 
potatoes, 375 acres of sugar-beets, 1187 acres of fallow, and 
1780 a.cres of uncultivated land, in addition to 800 acres of un-
cultivated pasture land. As indicated, most of the crops are 
grown on the south end of the proj ect and west of the rail-
road. Table 3 gives the estimated acreage, the average yield, 
and the value of the crops grown during 1923. 
At the present time some alfalfa seed is being grown suc-
cessfully. Peas and beans for canning and seed purposes are 
adapted to this area, and it is expected that they will become 
important cash crops of the ' area, supplying seed companies a.nd 
local canning factories. 
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Fig. 10.-Map of Cache County Water Conservation District 
No. 1 showing crops grown during 1923 
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T ABLE 3.-AN E . TIM ATE OF CROPS AND CULTIVATION O.I!' L AND WITHIl~' 
CACHE COUNTY WATER CONSERVATION DISTRICT No.1 FOR 1923 
-
1 1 1 
Kind of Acres (by lift) j Total Average 1 Value 1 
Crop 1st 1 2d I 3d ! Acres Yield jper Unit j Value 
Beets ----- --- --- ---- -- - 200 1 135 1 40 1 375 12.5 tons 1 $9.00 1$ 42,187.50 
Hay _.-- -- -- --- ----_ .. 485 1 .. ~~~ I 85 1 1050 5.0 tons 1 8.00 1 42,040.00 Corn ----------- -- --- --
!~ I 
1 1 16 40.0 bu. __ .80 I 512.00 
Potatoes ---.. ---- -- -- 321 ---- -- I 62 250.0 bu. __ I .50 I 7,750.00 
-Onions ------ .--.-- -- 1 1 ,-- -- ·1 1 .- --- .-. I -- -- I ------------
Garden Truck .... 5 1 3 1 
42~ 1 
9 .... .. .. _-_ .. I --- - J ----- -------
Oats ------ -- -----.-_ .. - 100 1 40
1 
140 60.0 bu ... 1 .70 i 5,880.00 
Wheat _ __ _ e ___ • _ ___ _ 1093 1 560 2080 28.0 I .90 I 
52,416.00 
Fallow ----_ .. _----- . 1092 j -- --~~ I 21 1 
1187 -- --.--. --- - ----- ---.. ---
Uncultivated .. .. __ 25801 ------I 
1780 -----_ .. - 1 -_.,. 1 --.-._------
Waste -.- --- -- ----- --- ---- .... I -- -- -- ·: 1 _.--.- 800 . ----- -- I -_ .. I ------------
Gran.d TotaL .. __ I I I I 1$150,485.00 
At the peak of the prosperous times following the war (1919) 
Messrs. Skeen & Skeen!, a private corporation, investigated the 
section to develop an irrigation enterprise . which would reclaim 
and bring under cultivation the lands included in the present 
-project. 
Skeen & Skeen planned to construct a pumping plant on 
Bear . River north of Cache Junction to lift the water some 63 
feet to the head of the main canal. At a point near Ballard 
.Junction a secondary pumping plant was planned to consist of 
-two units, the first to lift water 67.5 feet to Canal No. 2 and the 
second to lift water 125 feet to Canal No.3. These plans also 
included the construction of the three main canals but left the 
lThe following has been summarized from Engineer T . H. Humphreys' 
report to Messrs. Skeen & Skeen. 
The general plan of the Skeen & Skeen project for supplying water to 
irrigate the lands within Cache County Water Conservation District No. 1 
consisted of a main pumping plant on the west bank of Bear River (a half 
mile north of Cache Junction), a secondary pumping plant located on the 
west bank of the main canal near Ballard Junction, a main canal to carry 
the water from the main pumping plant southward toward Mendon, and two 
main laterals running southward from the secondary pumping plant. 
Main Pumping Plant.-The main pumping plant called Pumping Plant 
No. 1 (see cover cut) is housed in a fine brick structure 54.5 feet by 26 feet 
resting on a substructure of heavily reinforced concrete which in turn rests 
<on piles three feet on centers. The pumping installation consists of four 
-pump units each having a capacity of' 25 second-feet. Each pump unit is 
an 18-inch double suction split case, centrifugal pump with a bottom suction 
and a ho.rizontal discharge. A flexible coupling attaches each pump to a 
250-horsepower induction motor, both being set on a common bedplate. 
These motors are 3-phase, 60-cycle, of the squirrel-cage type using current at 
440 volts. Each motor is controlled from its own switchboard panel. The 
-capacity of each pump is 11,250 gallons per minute when operating under 
a 68-foot head. When running at a speed of 690 R.P.M. each unit has a 
guaranteed efficiency of 80 per cent. 
The discharge pipe line from Plant No. 1 consists of a circular pipe 
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distribution system to be constructed by the farmers (See. 
Fig. 5). 
The original plan was to organize a development company 
to develop the water and sell it to the land owners. Later the 
land-holders pooled their interests and attempted to float a 
$200,OOO-bond issue with this land as security. They attempted. 
to sell these bonds on the Pacific Coast but found no market for 
such class of honds. The bond buyers advised the organization 
of an irrigation district under the laws of Utah. Therefore, in 
1921 the land owners proposed the organization of an irrigation 
district to take over the then-partially-completed project. 
Under the laws of Utah the organization of an irrigation 
district must be initiated by the Governor of the State of Utah, 
or fifty or a majority of owners of land or holders of title or 
evidence of title to land requiring water in any district. This 
petition shall be made to ' the county commissioners of the 
county in which the district is located and shall request that a 
water survey and an allotment of water for t he lands within 
the proposed district be made, that the land to be included 
manifold 52 feet long, leading fr om the pumps, made fr om quarter-inch. 
riveted steel plate, 90 feet of quarter-inch steel-plate pipe (5 feet in diam-
eter ), and 532 feet of reinfor ced concrete pipe (5 feet in diameter) . The 
pipe line is protected with relief valves. A reinforced concrete outlet and 
200 feet of lined canal section have been bu ilt at the end of the dischuge 
line leading into the main canal. The equipment was manuf:tCtured by 
Allis-Chalmers Manufacturing Company and installed by the Western En-
gineering & Construction Company. 
Main Canal.-The m ain canal from the disch arge to Balla rd Junction 
has a bottom width of twelve feet , side slopes of one and a half to one, a 
depth of w.ater of three feet, a free board of two feet , a bank width of six 
feet, a slope of two feet per mile, a mea n velocity of two feet per second, 
and a carrying capacity of 100 second-feet. 
Below Ballar9 Junction the m ain can'al is first reduced in carrying 
capacity to 50 second-feet and then to 25 second-feet, and is now completed 
to the Logan-Petersboro Road. All subsidiary canal structure, such as· 
head gates, bulkheads, and turnouts, are of reinforced concrete and steel. 
Private bridges are of wood. 
Pumping Plant No. 2 .-This pumping plant is located on the west b:mk 
of the main canal at a point near Ballard Junction. Here three 14-inch 
horizontal centrifugal pumps are installed to lift 40 second-feet of water from 
the main canal thru 1200 feet of three-sixteenths-inch riveted steel pipe (3 
feet in diameter) into Canal No. 2 which is 67.5 feet above the main canal. 
Each pump is directly connected to a 150-horsepower electric motor. Canal 
No. 2 has a capacity of 40 second-feet at its head and decrea~es in size as it 
approaches the south end of the district. 
Pumping P lant No. 3.-Pumping P lant No. 3 is housed in the same 
building as P lant No.2. Provision has been made for three 14-inch hori-
zontal centrifugal pumps each to be directly connected to a 250-horsepower 
m otor to lift the water thru 125 feet of head t o Canal No.3. At the present 
time a single temporary pump has been installed to supply water to C3.nal 
No. 3. Canal NO. 3 has been complet ed and water is available to the h igher 
lands in the district. 
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within the district be determined, listed with water allotment, 
and platted, and further that the question of final organization 
be submitted to the land owners of the proposed district for 
final vote. A majority of the votes2 cast is necessary to organ-
ize the district. In compliance with the state law a petition was 
presented to' the Board of County Commissioners of Cache 
County and the water allotment made to each parcel of land by 
the State Engineer. Of the 8490.78 acres included in the dis-
trict, 7373.38 acres are allotted water, the balance being classed 
as non-irrigable. The total allotment amounts to 14,623.96 acre-
feet, varying from 0.8 acre-foot to 3 acre-feet per acre. Figure 
11 shows the ownership and water allotment in the district . . 
Upon the completion of the water allotment by the State 
Engineer an election was called for the purpose of voting the 
district. Originally the district extended south almost to Men-
don but later was revised to its present position. With the 
revised boundary, as shown in Figure 11, the majority of the 
owners voted for the organization of the district. The outstand-
ing object in the organization of the district was to enable the 
financing of the project from the sale of bonds. A bond elec-
tion, therefore, followed the organization of the district, and a 
bond issue of $375,000 was authorized. 
The purpose of this bond issue was to purchase the existing 
system (then in course of construction by Skeen & Skeen) and 
to carry the proj ect to completion. The bonds were 6-per-cent 
Serial Gold Bonds maturing as follows: 
$10,000 due December 1, 1929 
$10,000 due December 1, 1930 
$10,000 due December 1, 1931 
$10,000 due December 1, 1932 
$10,000 due December 1, 1933 
$12,000 due December 1, 1934 
$12,000 due December 1, 1935 
$12,000 due December 1, 1936 
$12,000 due December 1, 1937 
$12,000 due December 1, 1938 
$16,000 due December 1, 1939 
$16,000 due December 1, 1940 
$16,000 due December 1, 1941 
$16,000 due December 1, 1942 
$16,000 due December 1, 1943 
$30,000 due December 1, 1944 
$30,000 due December 1, 1945 
$30,000 due December 1, 1946 
$30,000 due December 1, 1947 
$30,000 due December 1, 1948 
Of the $375,000-bond issue aut hor ized, bonds amounting to 
but $340,000 were sold. Skeen & Skeen were paid $275,000 for 
t he project canals, pumping plants, and water-r ight ; $15,000 
constituted organizat ion expenses. 
Under t he Utah State Law an irrigation district is given 
the power to tax. This power to tax, t herefore, becomes a lien 
upon the lands in the dist r ict to the extent of the assessments 
against it. Considerable question has arisen as to whet her ·t he 
t ax necessary t o pay int erest and sinking f unds on bon~s be-
20ne vote allowed for each acr e-foot of wat er a llotted. 
~-'t'-
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comes a lien upon the district as a whole or upon each parcel 
individually. If it becomes a lien upon the district as a whole, 
then the individual who pays his assessments regularly is also 
compelled to assist in paying the assessments of his delinquent 
neighbors. This was the question at issue in the case of Nelson 
vs. Bonneville Irrigation District in the Supreme Court of Utah. 
In the language of the court the question is briefly stated as 
follows: 
"The question at issue in this proceeding is whether or not, 
under the Irrigation District act of the' State of Utah (Chap. 68, 
Laws Utah 1919, as amended by Chap. 73, Laws Utah 1921) a 
budget can be certified by the directors of an irrigation district 
and a tax levied by a board of . county commissioners in one 
year to include the delinquencies of the previous year. In other 
words, whether a cumulative levy can be made so that the 
property of one land owner can be made liable for its propor-
tion of delinquencies arising from refusal of others to pay assess-
ments on their lands." 
Further: 
"It will be controlling of this case to determine whether the 
bonded indebtedness of an irrigation district partakes of the 
nature of a general municipal indebtedness or severable and 
partakes of the nature of an indebtedness f local improve-
ments." 
Section 19 of the Utah Irrigation Distric Law reads : "All 
taxes levied under this act are special taxes." In other words, 
t hey are special assessments fixed to pay for special benefits 
received, and for that reason one cannot and should not be 
r equired to pay for the delinquencies of his neighbors in excess 
of 15 per cent provided for by law. . 
Under the above decision, land on which assessments have 
been 'paid is thereby relieved of the lien for that assessment and 
may not be reassessed for more than its proportionate share 
because of the failure of other land owners to pay. The bond 
holders in this case cannot look to the liability of the district as 
a whole, but in case of default are limited to the purchase of 
tax-sale certificates on delinquent land. This decision should 
clear up in the minds of many the question of the security of 
t heir lands after they pay their own assessments. 
Thru an invitation from the local bankers, the Utah Experi-
ment Station became interested in this project early in the 
spring of 1924. The object of the first visit was to answer some 
questions regarding soil value, soil structure, and the relation 
to drainage water. The problem was found to be too complicated 
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to solve in the field, and it was finally decided to give all the 
aid possible by making a soil survey of the district in more detail 
than had been made heretofore and to carry the soil work into 
chemical and physical analysis. Study was also given to the 
water supply, cost of completing distribution system, preparing 
land for irrigation, and the feasibility of drainage. 
It is hoped that if similar projects are to be launched in the 
future, the Experiment Station may be privileged to do de-
tailed study in advance and guide the enterprise rather than 
only to help in solving the problems developed in the process. 
WATER-SUPPLY 
Cache Valley is well supplied with water. On the north, 
Bear River enters the valley with an estimated annual flow at 
'Preston, Idaho, of 676,300 acre-feet. The local streams entering 
the valley are the Logan River (average annual flow 246,000 
acre-feet), Blacksmith Fork River (estimated average annual 
flow 103,000 acre-feet), and Little Bear River (estimated annual 
flow 61 ,000 acre-feet). The average annual outflow of the val-
ley, as measured at Collinston, Utah, is estimated at 1,300,000 
acre-feet. 
Main Irrigation Supply.-The old Ballard Ditch has an ap-
propriation from Bear River to the extent of 12 second-feet. 
Another filing (amounting to 100 second-feet) was made ac-
cording to legal requirements with the State Engineer of Utah 
in August 1919. This appropriation which has been completed 
gives a total of 112 second-feet of water for the entire project. 
Of this area, approximately 7450 acres are irrigable. Consid-
ering an irrigation season of 100 days, one second-foot will sup-
ply 200 acre-feet and 112 second feet will supply 22,400 acre-feet. 
This supply is equivalent to approximately 3 acre-feet per acre 
spread over 7450 acres. 
According to the Utah State Law, before the organization of 
an irrigation district is permitted the State Engineer must make 
a water allotment. This water allotment has been made by the 
State Engineer and varies from 0.8 acre-foot per acre on a very 
small portion of the area to 3-acre-feet on some of the higher 
land. Figure 11 shows the larger portion of the area to have 
an allotment of 2 acre-feet per acre, with the area under the 
upper canals receiving the highest allotment. 
Not once in the twenty-five years of stream-flow records on 
Bear River has the stream failed to supply the district appro-
priation. The certainty of supply has been still further in-
creased recently with the Bear Lake storage development of the 
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Utah Power & Light Company. Bear Lake has a storage ca-
pacity of over 500,000 acre-feet, or sufficient water to run the 
plants of the Utah Power & Light Company on Bear River for 
two years without drawing on the natural flow. This ideal 
storage, situated on Bear River, improves materially the water-
rights on that stream. During the low-water season water is 
turned out of the lake to maintain the power plants along the 
river. Much of this increased flow is available for irrigation on 
the lower reaches of the streams. The water-supply for irriga-
tion purposes, therefore, is ample; in fact, it approaches the 
maximum quantity allowed per acre by the state law, and it is 
available at the time when it is most needed. 
Local Water Supply.-There are no streams in the district 
which flow the year around. Three-Mile Creek is the only 
stream of any consequence. It flows out of the foothills west of 
the south end of the project and has been utilized since the area 
was settled to irrigate small areas along its course. 
Springs.-There are several springs coming from West 
Cache Valley Fault (which runs in a general north-south direc-
tion west of the district). Two of these, the Peterson and 
Mitchell Springs, flow approximately one-half second-foot. On 
the Peterson Ranch this water is reservoired and used to irri-
gate the land below. The rest of the water coming from this 
fault consists of small seeps and springs flowing from ten to 
fifty gallons per minute. These springs occur consistently 
from Cache J unction on the north to the extreme southern 
boundary of the district. They are located at a higher elevation 
than the project, and the aggregate flow is sufficient to furnish 
domestic water for a family on every 40-acre tract on the pro-
ject. The water is PlJre, cold, and has a desirable taste, mak-
ing it an ideal water for domestic use. 
Surface Wells.-Surface wells at a depth of from fifteen to 
f ifty feet are obtainable on most of the area west of the Oregon 
Short Line Railroad. The water from these wells is very cold 
and is satisfactory for culinary use. However, the wells should 
be properly located with respect to barns and other outbuild-
ings as the s~rface drainage will reach these wells. These sur-
face wells are directly affected by the application of irrigation 
water. As soon as the water is turned into the canals the water 
E: urface rises in the wells. The temperature of the water in 
these wells varies from 60 to 68° F. The total mineral content, 
as determined by the Wheatstone Bridge, averages 482 parts per 
million, which is very low. 
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T ABLE 4.-TEMPERATURE, CAPACITY, A K O T OTAL SALT, IN SPRING AND 
W ELLS ON CACHE COUNTY W ATER CONSERVATION DIRTRICT No.1 
Name of Owner of 
Well or Spring 
Tempera -
ture (OF .) 
1 Henry Kidman 55 
2 Henry Kidman 60 
3 Henry Kidman 66 
4 Orson Kidman 70 
5 Cunningham 67 
6 Cunningha m 
7 Hans Anderson 55 
8 Schoolhouse 63 
9 Peterson Spring 57 
10 Farrell Spring 57 
11 Peterson Ranch 60 
12 Peterson Ranch 56 
13 Peterson Ranch 60 
14 Sa lisbury Ranch 66 
15 Intermountain Sugar Co. 59 
16 Intermountain Sugar Co. 60 
17 P a rtington Spring 60 
18 Ed Edwards 55 
19 Jones 55 
20 Frank Nye 58 
21 Ed Edwards' North Well 58 
22 J. O. Ma ughan 57 
*parts per million 
Total Salts 
( p.p .m.) * Ca paci ty Kind 
592 Deep pump well 
489 Dug well 
400 % g .p.m. Spring 
500 Drain 
475 Dug well 
Pump well 
487 Pump well 
470 Pump well 
390 % c.f.s. Spring 
449 JA c. f.s. Spring 
305 Drain 
400 Flowing w ell 
490 2 g .p.m. Flowing well 
525 Spring 
437 % g.p.m . Flowing well 
430 Flowing well 
531 Spring 
477 4 g.p.m. Flowing well 
524 4 g.p.m. Flowing well 
577 4· g.p.m. Flowing well 
577 1 g.p.m . Flowing well 
510 1 % g.p.m. Flowing well 
Artesian W ells.-There are several flowing wells in the dis-
trict (See Fig. 5). These wells are from 100 to 400 feet deep 
and are usually two inches in diameter. The common practice 
in drilling wells in this area is to case only the upper twenty or 
thirty feet and leave the balance of the hole open as it is in clay 
which stands fairly well for a few years. However, after several 
years these open holes fill up and the flow diminishes. Several 
of the wells in the district are in this condition, and the water 
is barely oozing over the top of the casing. The more important 
of the flowing wells have been kept open and are now flowing 
f rom one·-half to four gallons per minute. . These wells are com-
ing from deep sources so there is little danger of pollution. The 
total mineral content of these wells, as determined by the Wheat-
stone Bridge, varies from 430 to 477 parts per million, an amount 
quite common in culinary water. 
Table 4 shows the total mineral content in solution as de- I 
termined by the Wheatstone Bridge in several springs, surface / 
wells, and flowing wells on the project. 
\ 
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DISTRIBUTION SYSTEM 
Canal Systems.-In the construction of irrigation projects 
thruout the west it is common pt'actice to construct only the 
main canals and laterals and to leave the construction of the 
distributaries to the water users. Such practice has been fol-
lowed on this proj ect. In working out the design of a distribu-
tion system for this proj ect, only preliminary field investiga-
tions have been made; therefore, these figures should not be 
used in a construction program without a further field work. 
Main Canal.-The main canal is designed for a 
capacity of 100 second-feet fronl Plant No. 1 to Plant No.2. 
Below Ballard Junction the canal is reduced in carrying capacity 
first to 50 second-feet and then to 25 second-feet. At the 
present time the canal is constructed to a point just south of the 
Logan-Petersboro Road. The area south of and including the 
Peterson Ranch (which lies east of the main canal) is served 
from the main canal at the present time (1925), and no further 
construction of the distribution system is necessary for this . por-
tion of the district. 
With the exception of the Roundy piece little has been done 
toward constructing a distribution system to supply water to 
the large area north of the Peterson Ranch and east of the 
Oregon Short Line Railroad. The crop map of 1923 indicates 
that the portion of this area which has been cropped has been 
handled under ary-farm methods. 
A paper location of a distribution system for this area has 
been made to form the basis of an estimate of the cost of bring-
ing the water to the corner of each 40-acre tract. This system 
has been laid down on a map with 5-foot-contour intervals and 
is, therefore, necessarily very approximate. 
The topography of the area is of such a nature that the 
methods of irrigation adaptable to this area are confined to two 
(with a possible third) in some localities. These methods are: 
wild-flooding, furrow, and border-check. Using the wild-flood-
ing and furrow methods, the heavy compact soil and the steep 
slopes make it necessary to use small heads to secure an ec-
onomical irrigation. A head of about 3 second-feet is all that 
one man can handle so that the surface runoff will not be ex-
cessive. Ditches of from 3 to 9 second-feet capacity can be 
constructed with a plow and a V-ditcher except in a few places 
where flumes or low fills will have to be constructed: Iron 
turnouts will be provided at the heads of laterals, and wooden 
check gates will be used to check the water from the distrib-
CACHE COUNTY WATER CONSERVATION DISTRICT No.1 37 
utary to the farm ditch. These check gates will be supplied so 
that each 40-acre tract may be served from the laterals. 
Canal No. 2.-The total area served under Canal 
No.2 is 1325 acres. With few exceptions all farms under this 
ditch are in good condition to use irrigation water; the land is 
fairly uniform with a well-defined slope to the east. Ditches 
and structures have been built so that the entire area may now 
be served. More structures (particularly drops, checks, and 
turnouts) are necessary to adequately control the water. It is 
estimated that five turnouts (three combination-turnouts and 
checks and two by-passes to take care of the surface runoff) are 
necessary for the adequate control and distribution of the water · 
in Canal No.2. 
Canal No. 3.-Under Canal No.3 it is planned to 
irrigate some 575 acres lying in a long, narrow strip parallel to 
the canal and varyin.g in width from a quarter to a half mile. 
The slope of this area is very high, ranging from 40 to 70 feet per 
mile. This steep slope alone limits the method of irrigation to 
wild-flooding for non-cultivated crops such as alfalfa and grain 
and to the furrow method for the cultivated crops, such as sugar-
beets, corn, peas, beans, and potatoes. This tract being narrow, 
the distribution system will consist of five short distributaries 
having a total length of about one and a quarter miles, the neces-
sary checks, turnouts, measuring devices, and drops to control . 
the water. It is estimated that eleven combination-checks and 
turnouts will be required to get the water out of the canal. In 
addition, one turnout on each of the five distributaries will be 
necessary. The canal is exposed to the surface drainage from 
the area above the canal, and some form of protection against 
the filling of the canal with silt must be provided. This surface 
drainage can be taken care of by overhead or underflow by-
passes. At least four such by-passes are absolutely necessary 
for the safety of the canal. 
Measurement of Water.-The contract with Skeen & Skeen, 
under which the original project was purchased, calls for only 
as much of the 112 cubic feet per second appropriated from 
Bear River as is necessary to irrigate the area in the project. As 
already stated, the State Engineer allotted so much water to the 
district, the total being 14,623.96 acre-feet. The right held by 
Skeen & Skeen of 112 second-feet amounts to 22,400 acre-feet 
per season of 100 days. Therefore, there is a margin of 7716 
acre-feet over and above the amount allotted by the State En-
gineer which is available should it be necessary for the pro-
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duction of crops. The executing of this contract, however, 
makes necessary the installation of measuring devices to de-
termine just how much water is necessary to produce crops on 
the project. The water should be measured into the main canal 
and at the head of each lateral. There is sufficient fall to the 
laterals to install at the head of each a standard rectangular 
weir, and a current-meter-rating-station can be readily estab-
lished at the head of each· canal. The complete checking of the 
water used to comply with the terms of the contract will re-
quire three current meter stations and about twenty-five weirs. 
Op-eration.-The electric energy used in pumping the water 
for the project is supplied by the Utah Power & Light Company, 
and the charge is based upon the maximum monthly demand 
for power. It is desirable, therefore, to keep. the maximum 
monthly demand as low as possible. The minimum monthly de-
mand can be obtained by making the demand for water as nearly 
uniform as possible thruout the season. The irrigating season 
is about 100 days in length. The pumps are usually started late 
in May and run until early September. The following monthly 
distribution of the water on this project is desirable: 
May ........... ...... ...... ... .................................... .......... .. ...... 2 per cent 
June ................................... ... .............. 0 ••• •••• •• ••• ••••• ••• ••••••• 30 per cen t 
July ................. .... ......... ... ..... .............. ... ........ ................. 35 per cent 
August ............ .............................. ...... ...................... .... 30 per cent 
September .... ........ ................ ................................ .. ........ 3 per cent 
The above schedule gives the maximum demand during °t:he 
month of July, during which month a total of 5118 acre-feet 
will be supplied. To supply this quantity of water on a 2-week-
rotation schedule will require laterals with a minimum capacity 
of 3 second-feet. Some of the longer laterals will have a 
minimum capacity of 6 second-feet so as to carry two streams. 
Rotation will be practiced between farms on each lateral, the 
water being in the laterals continuously thruout the irrigation 
season. Figure 5 shows the proposed distribution system for 
the area considered. The various structures are indicated in 
their approximate locations. 
It will be noted that on lateral "C" there is an island of high 
ground. This area (approximately 80 acres in extent) will not 
warrant the nece sary expense to get the water to it. It should, 
t herefore, be excluded ·from the district. 
Cost of Operation and Maintenance.-In spite of the fact 
that Cache County Water Conservation Di trict No.1 is a pump-
ing project, the annual operation and maintenance charges in-
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eluding the power costs are less than on many gravity systems. 
The annual charges for 1924 were higher than for any previous 
year. These charges are given below: 
Interest on bonded indebtedness ..... ... $1.44 per acre-foot 
Power ............ ... .... ........ ......... .... ................ .84 per acre-foot 
Operation a nd Maintenance........... ....... .32 per acre-foot 
Total Annual Cost per Acre-fooL ....... ......... ............ .. .... $2.60 
Cost of Completing Distribution System.-The total esti-
mated cost of completing the distribution system so that water 
may be delivered to the corner of each 40-acre tract is as 
follows: 
Main Canal ...... .. .......................................... ...................... $3676 
Canal No. 2 ....... ...... ............................... ............ ................ 1215 
Canal No. 3 ... .. ... .... .. ....... .......... .......................... .... .... .. .... 455 
Measuring Devices ................... .. .................... .... .. .. ....... ... 250 
Total CosL .. . : ............ ................ ................. ............ ....... .... ..... .. $5596 
This represents an acre-cost of seventy-five cents distributed 
over the district. 
Preparation of the Land.-The artificial application of 
water to land by the usual methods of irrigation requires that 
the land be prepared to permit the uniform distribution of water. 
Land properly prepared for irrigation has a smooth slope and 
is free from irregular depressions where water can collect and 
form knolls which cannot be uniformly wetted. 
The steps involved in the preparation of land for irrigation 
are as follows: 
(1) Clearing the surface of native vegetation 
(2) Smoothing and leveling the surface 
( 3) Construction of the farm-distribution system based on method 
of irrigation 
Since there is no native vegetation outside of the grass family 
on this project only the last two steps are of particular interest. 
The problem of preparing the land for irrigation on this project, 
therefore, may be divided into two parts: (1) Leveling the land 
and (2) construction of a farm-distribution system. 
Leveling the Land.-The obj ect of leveling is to 
permit the uniform application of water to the land. The amount 
of leveling necessary will depend upon the method of irrigation 
to be used; therefore, the method of irrigation should he dp. -
cided upon he.fore the land is leveled. 
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Practically the entire area south of and including the Peter-
son Ranch is being supplied with water. In general, the land 
has been well prepared and the water can be economically 
applied. 
The area north of the Peterson Ranch and east of the rail-
road (including Sections 4, 5, 8, 9, 16, and 17 of Township 12 
North, Range 2 'Vest, and Sections 31, 32, and 33 of Township 
13 North, Range 2 West) is too uneven to permit the applica-
tion of water (See Fig. 5). This area must be leveled. To 
properly do this most of the land will require from two to four 
levelings with a box-level after deep plowings. Most of Section 
5 and a portion of Sections 4 and 8 are entirely too rough to 
level with such equipment and will require scrapers in addition 
to the plow and box-level. Excluding most of Section 5 and a 
part of Sections 4 and 8, this area can be leveled at an estimated 
cost of $5 an acre. Most of Section 5 and part of Sections 4 
and 8 are so very rough and the surface soil so shallow that it 
is neither practical nor economically feasible to level this area. 
These parcels of land, therefore, should be removed from the 
district. 
The balance of the land under the main canal and west of 
the railroad (including that area under the Ballard Ditch) is 
being served with water, and no further work need be done. 
The total estimated cost of leveling the uneven land under 
the main canal is $15,000. Table 5 is a summary of cost data 
pertaining to reclaimed farms in Utah up to 1922. 
Almost the entire area under the second lift is being irri-
gated at the present time and is in fair shape for the economical 
application of irrigation water. 
With the exception of about 80 acres belonging to the Peter-
son Ranch, the entire area under the third lift will have to be 
leveled before the furrow method of irrigation can be practiced. 
The necessary leveling, however, may be done with an ordin-
ary box-level after plowing at an estimated cost of $3 an acre. 
The total estimated cost of leveling land under Canal No.3 
is $1485. 
Construction of Farm-distribution System.-Table 
5 indicates an average cost of farm-distribution systems in Utah 
to be $1.30 an acre. The lands in Cache County Water Conser-
vation District No. 1 are typical of the lands indicated in Table 
5, and it is, therefore, assumed that a farm-distribution system 
can be constructed on these farms for an aVerage of $1.30 an 
acre. The total area on which the construction of a farm-dis-
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TABLE 5.- S UMMARY OF COST D ATA P E RTAINING TO R ECLAIMED 





from ! ! Distribution 
Clearing I Leveling ! System 
Milford Sagebrush $ 5.00 $10.00 
I 
$1.00 
Milford Sagebrush 15.00 10.00 .. ... --.-
Milford Sagebrush 8.00 7.50 I 1.0e 
Milford Sagebrush 7.00 ------.- I .-.. .. _ .. _-
Milford Sagebrush 10.00 12.00 ! .. -------
Milford Sagebrush 2.00 3.00 I --------
Milford Sagebrush 10.00 5.00 I -- ------
Clearfield Partially Improved -------- 10.00 2.50 
Farmington Partially Improved 20.00 10.00 .... ----.. -
Fillmore Sagebrush 7.00 3.50 --------
Pahvant Desert 10.00 4.00 ........... 
Genola Sagebrush 6.00 1.00 1.00 
Genola Sagebrush 6.00 1.25 I 1.25 
Genola Sagebrush 2.00 2.00 
I 
1.00 
Santaquin Dry-farm -- ---- -- 3.00 2.00 
Dry Gulch Virgin 2.50 4.50 .40 
Dry Gulch Virgin 10.00 1.00 1.00 
Dry Gulch Virgin 1.00 3.00 1.2S 
Cedar City Brush 10.00 5.00 1.50 
Cedar City Brush 9.00 3.00 1.00 
Cedar City Brush 5.00 2.00 3.00 
Cedar City Brush 4.00 4.00 1.00 
Cedar City Brush 7.00 1.00 --------
Utah Lake (west side) Desert 7.00 7.00 ..... .... ... ...... 
Lehi Greasewood 3.00 3.00 1.00 
Honeyville Partially Improved .. ----- -- 3.40 --------
tribution system is necessary is about 5000 acres, making a total 
of $6500. 
Summary of Estimated Costs Necessary to Complete Project. 
-The cost estimates given here are based upon only very pre-
liminary investigations and they must be accepted as approxi-
mate costs. From a comparison with the cost of projects already 
constructed, it is thot that these estimates are fairly conserva-
tive. 
Cost of completing distribution systeRl .................. $ 5,596 
Cost of leveling land in district ............ .................... 16,485 
Cost of farm-distribution system.............................. 6,500 
Total. ....... ...................................................................... _ ......... $28,581.00 
Estimated construction acre-cost to complete project ...... $ 3.86 
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SUMMARY 
(1) Cache County Water Conservation District No. 1 is lo-
cated on the west side of Cache Valley in northern Utah, just 
south of Cache Junction, and contains 7373.38 acres of land to 
which water is allotted. 
(2) The district is well-supplied with transportation facili-
ties. An average haul of one and one-half miles to ,a railroad 
loading station is all that is required to put the farmers in touch 
with the local or outside markets. 
(3) Within ten miles of the district are located one city of 
the first-class and four cities of the second-class. 
(4) The district is so situated that the maximum distance 
to a public school is less than three miles, and ample provisions 
for high school and college education are provided within a 
radius of ten miles. 
(5) Local industries (such as sugar-beet factories, canning 
factories, milk condensing factories, dairies, and flour mills) 
furnish a ready market for practically all the farm products of 
the valley. 
(6) The climate and growing season of Cache County Water 
Conservation ' District No. 1 are well suited to the growing of 
such crops as alfalfa, grain, sugar-beets, corn, potatoes, beans, 
peas, and some truck crops. 
(7) The land surface within the district slopes to the east 
and north and (with the exception of about 800 acres in the 
north-central part) has good surface drainage. 
(8) Approximately 4200 acres covering the area west of the 
railroad and east of the railroad but north of Petersboro have a 
uniform surface, deep rich soil, good drainage, and can be ir-
rigated with very little additional expense. 
(9) About 2500 acres of land east of the railroad and north 
of Petersboro will require leveling before irrigation water can 
be economically applied. 
(10) Cache County Water Conservation District No.1 was 
organized at the peak of agricultural prosperity, and as a result 
some lands (approximately 800 acres) were included in the 
project which will be difficult to reclaim. 
(11) The soils of the area have been classified into two 
series: (1) Mendon and (2) Ballard. 
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(12) The following types and subtypes of these series of soils 
are used in this classification: 
Types 
Mendon Clay I 
Mendon Silty Clay I 
Mendon Clay Loam 
Ballard Ulay I 
Subtypes 
Mendon Clay II 
Mendon Silty Clay II 
Ba llard Clay II 
(13) Each subtype has a layer of sandy material within 
its 6-foot column. 
(14) The darker-colored soils of the area have been placed 
in the Mendon series, while the lighter-colored soils are classed 
in the Ballard series. There are also differences in profile which 
correspond to the color differentiation. 
(15) The Mendon series are usually low in alkali and the 
soils are generally productive. 
(i6) The soils of the Ballard series are in lower elevations 
and carry significant quantities of alkali. 
(17) The Ballard series have a well-compacted horizon begin-
ning at about eight to ten inches below the surface and extend-
ing to approximately forty inches. The compaction is so marked 
that water and plant roots penetrate the horizon with difficulty. 
Methods of modifying this horizon are being studied as a phase 
of the drainage experiment now being conducted at this station. 
(18) A considerable portion of the north half of the project 
is impregnated with soluble salts, consisting of a mixture of 
sodium chloride and sodium sulfate. 
(19) The highest concentrations of salt are found in the 
swales and depressions. 
(20) Certain native plants growing in the district are an 
index to the presence of salt. 
(21) Leaching experiments looking to the reclamation of 
alkali land are described. The drainage possibilities are dis-
cussed, and it is emphasized that this work must be preceded by 
a complete investigation of the problem on account of the heavy 
nature of the soil. 
(22) The water-supply for the district is ample. A con-
tinuous flow of 112 cubic feet per second during the irrigation 
season is available if needed. 
(23) Wells for culinary purposes can be obtained on almost 
any part of the district. 
(24) The average per-acre-bond issue is $47. 
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(25) The estimated additional first cost per acre to complete 
the entire system is $3.86. 
(26) Good land in the district is worth (with water) from 
$150 to $200 an acre. 
(27) The operation and maintenance cost for 1924 was 
$1.16 an acre-foot including the power charges. 
(28) Under the present interpretation of the Utah Supreme 
Court the bonds do not constitute a blanket lien on the entire 
project. 
(College Series No. 203 ) 
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